A simple and cost effective chemical technique has been utilized to grow cadmium sulphide (CdS) nanoparticles at room temperature. The sample is characterized with XRD (X-ray diffractometer), SEM (Scanning electron microscope), TEM (Transmission electron microscope) and UV-VIS spectrophotometer. The particle size estimated using X-ray line broadening method is approximately 5 nm. Instrumental broadening was taken into account while particle size estimation. The lattice strain was evaluated using Williamson-Hall equation. SEM illustrates formation of sub-micron size crystallites and TEM image gives particle size approximately between 4-5 nm. Optical absorption study exhibits a band gap energy value of about 2.6 eV.
Introduction
The synthesis and characterization of cadmium sulphide via different techniques have attracted considerable attention due to their potential applications. Nanometer-sized semiconductor exhibit structural, electronic, optical, luminescence and photoconducting properties very different from their bulk properties [1] [2] . Accordingly they have potential application prospects in solar cell, photodetector, laser, LED, high-density magnetic information storage and many others in semiconductor industries 3 . Cadmium sulphide (bulk band gap 2.4 eV at 300 K) has huge potential in this aspect 3 . The growth techniques of II-VI semiconductor nanoparticles are relatively cheap. The characteristic absorption of light for CdS is in the visible range. There are various methods to prepare CdS nanoparticles 1, [4] [5] [6] [7] . Some of the above-mentioned methods have some drawbacks. While some of the methods used unstable precursors, some requires high temperatures and some others are not cost effective 1 . In the presented work, a novel chemical dipping technique has been utilized to prepare nanopowders of CdS at room temperature. The technique involves successive dipping of a precleaned substrate in separately placed cationic and anionic precursor. Between every immersion it is rinsed in distilled water or ion exchanged water. The technique, often called SILAR (Successive ionic layer adsorption and reaction), is generally reported for preparation of metal sulphide thin films [8] [9] . It has been utilized to grow CdS thin film by several researchers 8, 10 . We have earlier reported preparation of ZnS and SnS thin films by SILAR 11, 12 . Normally under optimized deposition conditions, SILAR produces adherent thin films. The deposition parameters for getting adherent thin films include concentration and pH of the reacting baths, temperature of deposition and specific substrate treatment. In the present work, we have used SILAR technique to get nanocrystalline powders of CdS. The SILAR deposition from aqueous solutions is a very promising method because of its simplicity and economy. The aim of the present work was to promote interest in SILAR method as applied to preparation of nanocrystalline cadmium sulphide powders. The deposition parameters were adjusted to give a nonadherent thin film which could be scratched to give powder. Earlier we have reported preparation of ZnS and SnS nanopowders by this technique 13 . The structural and optical characterizations of the synthesized powders were carried out using X-ray powder diffractometer and UV-VIS spectrophotometer. Scanning electron microscopy (SEM) was used to illustrate the formation of crystallites and TEM was used for particle size estimation.
Experimental
Cadmium sulphide powder was synthesized by dipping a precleaned glass substrate in 0.1 M cadmium chloride (CdCl 2 ) solution and 0.1 M sodium sulphide (Na 2 S) solution both kept at room temperature. The substrate was kept overnight in chromic acid and this was followed by rinsing in distilled water and ultrasonic cleaning in equivolume mixture of acetone and alcohol in an ultrasonic cleaner. Concentration of the reacting baths in excess of 0.125 M leads to complete detachment of film from the substrate. Also concentration of reacting baths less than 0.075 M gives extremely slow growth rate. Accordingly the concentration of 0.l M used in the experiment was found to be optimum to give a weakly adherent thin film and significant growth rate. The cadmium chloride bath, used for deposition of CdS was prepared by adding CdCl 2 (Merck) in deionized water. Similarly sodium sulphide flakes (Merck) was added in deionized water to prepare the Na 2 S bath. The pH of CdCl 2 was 4.1 and the pH of Na 2 S was 11.7 respectively. The pH measurement was carried out in a Systronics pH meter (Model 335). Dipping of the substrate in cationic and anionic precursors leads to a very weakly adherent CdS film that could be easily scratched from the substrate. The powder so obtained was thoroughly washed repeatedly in deionized water.
Dipping of the substrate in cationic precursors leads to the absorption of metal (M such dipping was performed in order to get suffi cient amount of powder. X-ray diffraction (XRD) with CuK a radiation (λ = 1.5418 Å) was made for structural characterization of the synthesized powders. Absorption spectrum was recorded in UV-VIS spectrophotometer (Shimadzu, Model: UV-1800).
The crystallite size was calculated by the X-ray line broadening method using the Scherrer formula 14, 15 :
where λ is the wave length of radiation used (CuK a in this case), k is the Scherrer constant, β is the full width at half maximum (FWHM) intensity of the diffraction peak for which the particle size is to be calculated, θ is the diffraction angle of the concerned diffraction peak and D is the crystallite dimension (or particle size). Normally for calculation of particle size, instrumental broadening is not taken into account 15, 16 . In the present work, the instrumental broadening was taken into account. In Scherrer equation, β represents the broadening due to particle size alone. In general the experimentally observed broadening (β o ) is the total contribution from particle size broadening (β), instrumental broadening (β i ) and strain broadening (β s ) and is represented as Neglecting strain broadening we can write
The instrumental broadening arises from various factors such as non-parallelism of the incident X-ray beam; presence of other wavelengths apart from CuK a etc. and it is a constant for a particular experimental setup. Diffraction data from standard silicon (Si) powder was used to measure the instrumental broadening. The particle size is very high in the standard and the broadening is this case is due to instrument only. Figure 1 shows the XRD pattern of standard silicon powder. The peaks at 28.48, 47.3, 56.08, 69.12, 76.22, 87.86, 94.8 and 106.56 correspond to those from standard silicon.
The lattice strain present in the sample was estimated using Williamson-Hall equation
where ε is the lattice strain. In this method, βcosθ (y) is plotted against 2sinθ (x). The slope of the line gives the strain (ε). Band gap energy (E g ) was derived from the mathematical treatment of the data obtained from the absorbance vs. wavelength with the following relationship
where ν is the frequency, h is the Planck's constant, n carries the value of either 1 or 4 depending on whether the material has direct or indirect band gap. Figure 2 shows the XRD patterns of the CdS powder. The XRD was done after thorough washing of the synthesized powder in deionized water and heating the powder at 150 °C for 2 hours. The material was scanned in the range 15-90°. Intensity in arbitrary units is plotted against 2θ in Figure 1 . The peaks at 26.77°, 43.97° and 51.28° are in good agreement with the Joint committee on powder diffraction standard (JCPDS) data belonging to cubic CdS 19 . The corresponding refl ecting planes are (111), (220) and (311) respectively. The observed broad hump (and therefore large FWHM) however suggests that the synthesized materials are nanocrystalline in nature with very small particle size. Figure 3 shows the broadening (in FWHM) against 2θ obtained for standard silicon sample. A polynomial fi tting of the experimentally observed values were made and are shown in Figure 3 . The corresponding fi tting equation (polynomial regression) is Table 1 shows the values of β o , β i and β calculated using Equation 2. The instrumental broadening at the observed peak positions are calculated from Equation 3. The particle size calculated using Equation 1 is also shown in the table. The particle size was calculated using k = 0.9 , which corresponds to spherical crystallites and λ = 1.5418 Å, the wavelength of CuK a radiation. The average value of particle size taking instrumental broadening into account is ~50.2 Å (i.e. ~5 nm). Figure 4 shows the plot of βcosθ against 2sinθ. The estimated slope and hence value of lattice strain is 0.0027. The lattice strain introduced in the sample is possibly due to stacking fault within the crystallites. Since the deposition is carried out in ambient air, some stress is expected to be introduced which can result in stacking fault. The value of lattice strain is on the lower side compared to that reported (0.0494) by chemical precipitation technique 20 possibly due to high particle size (~40 nm) of the samples. Particle size corresponding to zero strain is 4 nm 20 . The calculation of lattice strain was done by Williamson-Hall method. A value of RMS strain in the range 0.001 to 0.003 has been reported for ~10 nm CdS powder synthesized by ball milling 21 . Lattice strain was calculated by Rietveld's method. Figure 5 shows the SEM image and Figure 6 shows the TEM image of CdS. The SEM image was taken before scratching the powder from the substrate. The SEM photograph clearly illustrates the formation of sub-micrometer crystallites distributed more or less uniformly over the surface. Agglomeration of small crystallites also seems to be present in certain regions on the surface. The particle size evaluated from TEM micrograph ranges approximately between 4-5 nm. The histogram of particle size distribution is shown in Figure 7 .
Results and Discussion

Structural characterization
Optical studies
Absorption spectrum was recorded in a UV-VIS-NIR spectrophotometer (Shimadzu, Model UV-1800). Figure 8 shows the absorption spectrum of CdS in the wavelength range 400-700 nm. Since CdS has an indirect band gap, n = 4 was used and a plot of (ahν) 2 as a function of hν was drawn (Figure 9) . Extrapolation of the line to the base line, where the value of (ahν) 2 is zero, gives E g as 2.60 eV. This is on the higher side of that reported for CdS 3 indicating a shift due to quantum confinement arising from lowering of particle size. A bad gap of energy of 2.67 eV has been reported for CdS nanoparticles (~10 nm particle size) by chemical reduction method 22 .
Conclusions
Nanocrystalline powders of CdS can be prepared by SILAR technique. It seems that the technique can be extended for other metals sulphides as well. The technique is simple, cost effective and an easily scalable alternative to industrial level. The nanocrystalline powders so formed are extremely fine and their dimension is of the order ~5 nm estimated using X-ray line broadening method. Average particle size obtained from TEM image ranges approximately between 4-5 nm. Large shift in bandgap energy values compared to bulk values indicates quantum confinement. A detailed investigation of the materials synthesized under different conditions of precursor solutions is underway. 
